INTERNATIONAL JOURNAL OF SUSTAINABLE
CONSTRUCTION ENGINEERING AND TECHNOLOGY

ISSN: 2180-3242 e-ISSN: 2600-7959 I]SCET

Vol. 16 No. 1 (2025) 179-192
https://publisher.uthm.edu.my/ojs/index.php/ijscet

Integrating Technology for Construction Site Safety
Management (CSSM) in Pakistan: Challenges and Ways

Forward

Samiullah Sohu?!, Tahara Ramadzan Md Kassim?2*

1 Department of Civil Engineering,

The University of Larkano, 77150, PAKISTAN

2 Department of Civil Engineering,

International Islamic University Malaysia, 53100, MALAYSIA

*Corresponding Author: tahara@iium.edu.my
DOI: https://doi.org/10.30880/ijscet.2025.16.01.015

Article Info

Received: 5 March 2025
Accepted: 18 June 2025
Available online: 30 June 2025

Keywords

Integration, safety management,
challanges, construction industry,
Pakistan

Abstract

Construction in Pakistan remains one of the most hazardous sectors
globally, with persistent safety lapses and slow adoption of modern
technologies. This study investigates the obstacles preventing effective
integration of technology into Construction Site Safety Management
(CSSM). Despite global progress in CSSM technologies like 10T, BIM,
AR/VR, and Al, Pakistani construction sites largely depend on manual
safety practices. This results in low efficiency and increased workplace
hazards. The primary objective is to identify and major barriers to
integrating technology in CSSM within Pakistan and propose practical,
context-sensitive solutions for advancing safety protocols. Adopting a
sequential explanatory design, the research began with a quantitative
survey of Pakistani construction professionals to rank challenges in
technology adoption. Following the survey, qualitative interviews were
conducted with industry experts to delve deeper into these barriers
and explore feasible solutions. Quantitative insights helped shape the
qualitative discussions, leading to evidence-based recommendations.
The results of the study identified key challenges to technology
integration in CSSM, including costly setups, financial limitations, and a
significant gap in research and development. Experts suggests potential
solutions such as establishing public-private partnerships, initiating
modular technological implementations, and setting up dedicated
research centers to address these challenges. This finding provide
effective recommendations for stakeholders in Pakistan’s construction
industry to enhance safety practices through the strategic integration
of technology. The proposed solutions offer a roadmap for overcoming
financial and research-related challenges, thereby improving
occupational safety standards mainly in the construction industry.

1. Introduction

Construction industry in Pakistan has experienced remarkable growth and development over the past few
decades, driven by a burgeoning population and the increasing demand for infrastructure [1]. As this industry
expands, it faces a myriad of challenges, with one of the most aspect is safety management [2]. Safety in
construction is a paramount concern, given the inherent hazards associated with heavy machinery, elevated
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workspaces, and complex projects. Ensuring the safety of workers, contractors, and the public is crucial for the
industry's sustainable growth. In this context, the integration of technology into safety management practices
seems to be proactively reducing risks and enhancing overall safety performance.

In the global perspective on construction safety, statistics revealed an alarming annual tally of over 60,000
fatalities in construction projects worldwide, with developed countries, such as those in Europe, accounting for a
significant portion [3]. Therefore, there is the need for further investigation into safety management aspects
within construction projects to reduce fatalities and injuries. The rapid advancement of digital technologies has
led to their increased integration into construction projects, primarily due to the advantages they offer in
improving safety conditions. A growing trend is noted in research efforts aimed at harnessing digital technologies,
including virtual reality, mixed reality, digital twins, and the Internet of Things (IoT), to enhance construction
project safety [4]. 10T, in particular, stands out as a valuable tool for automating safety monitoring and hazard
detection at construction sites. To fully leverage the potential of digital technologies, these devices must be
interconnected, enabling seamless data transfer and analysis by experts.

While the literature extensively highlights the advantages of technology integration for CSSM, the adoption of
technology remains in its infancy, even in developed nations Pakistan’s construction industry has experienced
remarkable growth over the past few decades, fueled by a rapidly expanding population and increasing demand for
infrastructure contributing around 2.5% of GDP and employing roughly 7 million workers. As the sector scales,
safety management remains a paramount concern due to inherent hazards associated with heavy machinery,
elevated workspaces, and project complexity. While integrating advanced technologies like IoT devices, BIM,
drones, wearable sensors, and Al has the potential to proactively reduce risks and improve occupational safety
performance, a significant research gap persists in comprehensively analyzing the challenges impeding widespread
adoption of such technologies. To address this gap, this study aims to identify the key challenges hindering the
integration of technology into Construction Site Safety Management (CSSM) in Sindh’s construction industry. The
study first evaluates the major challenges facing construction firms in adopting safety technologies, then offers
evidence-based strategies for effective implementation. This study determined the combination of site safety
management theories, technology adoption models, and socio-economic perspectives with the integration of
technology of Construction Site Safety Management (CSSM) in Sindh, Pakistan. These theoretical underpinnings
help to explain the barriers to technological implementation and inform potential strategies for overcoming them.

1.1 Safety Management Theories

One of the key theoretical approaches of safety management is Behavioral-Based Safety (BBS), which focuses on
the role of worker behavior in accident prevention. BBS posits that unsafe behavior is the primary cause of
accidents, and interventions targeting behavior can effectively reduce risks [5]. Technological tools such as real-
time monitoring systems and wearable devices can support BBS by providing feedback to workers, thereby
influencing their behavior towards safer practices. In the context of Sindh’s construction industry, these
technologies could play a critical role in addressing the prevalent safety issues by mitigating unsafe behaviors.

Another relevant theory is the Systems Theory of Safety Management (STSM), which views safety as an
outcome of the interactions between various components within a system, including people, processes, and
technology [6]. This theory supports the integration of technology as a means to enhance overall safety by
improving the coordination and control of various safety-related processes on construction sites. For example,
the use of drones for site monitoring and artificial intelligence for hazard prediction can strengthen the entire
safety management system.

1.2 Socio-Economic Perspective

The Resource-Based View (RBV) provides another theoretical dimension, focusing on the importance of
organizational resources in achieving a competitive advantage [7]. From the perspective of CSSM, these resources
include financial investment, technical expertise, and access to innovative technologies. The availability and
strategic use of these resources are critical for the successful implementation of safety technologies in Sindh’s
construction industry, where financial constraints and limited technical knowledge have been identified as
significant barriers [8].

Additionally, Public-Private Partnership (PPP) Theory is relevant to understanding how collaborative efforts
between the public and private sectors can alleviate some of the economic and infrastructural challenges that
hinder technological adoption. PPPs have been recognized as an effective mechanism for overcoming financial
barriers by pooling resources and expertise [9]. In the case of Sindh, Pakistan public-private partnerships could
facilitate the establishment of research centres and modular technology implementations, thereby reducing the
financial burden on individual construction firms.
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1.3 Contextual Factors in Sindh

Incorporating the socio-cultural and economic realities in Sindh is critical to understanding the challenges of
technology adoption in CSSM. The construction industry in Sindh is characterized by low levels of literacy and
resistance to change, which can impede the adoption of new technologies. To address these challenges, training
programs tailored to the local workforce’s needs and the development of culturally appropriate instructional
materials are necessary [10].

Economic constraints are another significant factor limiting technology adoption in the region. The
construction sector in Sindh faces limited investment in safety infrastructure, and many firms operate on tight
budgets. Modular technological solutions that can be implemented incrementally may help to mitigate the cost
burden [11]. Additionally, dedicated research centers focused on construction safety in Pakistan could bridge the
existing research gaps and provide context-specific solutions for the industry.

By drawing on these theoretical perspectives, this study provides a comprehensive framework to
understanding the integration of technology into CSSM in Sindh. Safety management theories highlight the
potential impact of technology on worker behavior and system-wide safety improvements. Meanwhile, technology
adoption models and socio-economic perspectives help to identify the key barriers to implementation and
propose strategies for overcoming these challenges. This theoretical framework underpins current study’s
sequential explanatory design, by using both quantitative and qualitative data to develop effective
recommendations for enhancing safety management practices in Sindh's construction industry.

2. Research Gap and Knowledge

While the literature provides valuable insights into various aspects of construction safety and technology
integration, there is a noticeable gap in addressing the specific challenges faced by developing countries, such as
Pakistan. The literature has yet to fully explore the holistic integration of technology, including IoT and RTLS, to
enhance safety practices in these contexts. Additionally, there is limited research to bridge these gaps and develop
comprehensive strategies for enhancing safety in developing countries' construction industries. Table 1 shows
the challenges using integration of technology for CSSM.

Table 1 Mapping of challenges in the integration of technology for CSSM

Challenges Challenge Description References
Traditional Resistance Resistance to change from traditional practices [12]
Financial Constraints  Inadequate financial resources for technology investments [13]
Remote Connectivity =~ Limited access to reliable internet in remote sites [14]
Cloud Security Data security concerns in cloud-based solutions [15],[16]
Tech Compatibility Compatibility issues between different technology systems [11],[17]
Skilled Shortage Shortage of skilled personnel for technology operation [18],[19], [20]
Power Interruptions Power outages and electrical supply issues [21],[22]
Costly Setup Costly initial setup and infrastructure requirements [23], [24]
Regulation Gaps Inadequate government regulations and standards [25]
Local Support Lack of local technical support and maintenance services [26]
Contractor Incentives  Lack of incentives for contractors to invest in tech [27], [28]
Supply Chain Complex supply chain issues for tech components [29],[30]
Financing Options Limited access to financing options for tech integration [31],[32]
Compliance Hurdles Compliance challenges with international standards [33],[34], [35]
Harsh Environments Difficulty in maintaining tech in harsh environments [36],[37]
Al Ethics Ethical dilemmas related to Al safety decision-making [38]

BIM Adoption Limited use of Building Information Modeling (BIM) for safety [39], [40], [41]
Tech Reliance Low reliance on the technology [42]
Retrofitting Difficulty ~ Difficulty in retrofitting older machinery with safety tech [43]

R&D Gaps Inadequate research and development in local safety tech [3], [44]
Backup Plans Inadequate backup and recovery plans for tech failures [22]
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3. Methodology

The study employed a two-phase mixed-method approach. In the first phase, quantitative data was collected to
assess the extent and severity of challenges associated with the integration of technology in Construction Site
Safety Management (CSSM). This phase helped identify the most frequently encountered and critical challenges
as perceived by industry professionals. In the second phase, qualitative data was gathered to gain deeper insights
into these challenges and to explore practical strategies for overcoming them. This sequential mixed-method
design ensured a comprehensive understanding of both the issues and potential solutions. For the quantitative
analysis, mean scores for each challenge were calculated using SPSS. For the qualitative phase, content analysis
was conducted to highlight relevant strategies for addressing the identified challenges. The qualitative findings
built upon the quantitative results, offering contextual depth and supporting the development of targeted
strategies for enhancing technology integration in CSSM. Figure 1 shows the flow of methodology adopted for this

research.

Literature Review Expert Validation

Quantitative Survey Tool

Identification of Key Challenges
(Quantitative Survey)

Reliability Check
Satipfied

Quantitative Data Analysis

Unsaf§sfied

Identification of Strategies to Overcome Challenges
(Semi-Structured Interview)

v

Transcription and content analysis

Discussing and Reporting Results

Fig. 1 Research flowchart

3.1 Selection of Respondents

The study employed purposive sampling techniques to ensure practical results. The target was to select
respondents with both relevant experience in Pakistan's construction industry and expertise in technology
integration for safety. To identify qualified respondents for data collection, the selection criteria suggested by in
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Durdyev et al,, (2022) and Jin et al., (2019) was adopted. Eligible respondents were required to hold at least an
undergraduate degree in fields such as civil engineering, construction management, construction safety, planning
and development, or building construction. This criterion was important to ensure that the respondent possessed
the technical knowledge for understanding building projects. Additionally, respondents should have a minimum
of five years of experience in construction safety, actively involved in supervisory, managerial, or operational
roles, and overseeing safety operations on construction sites. This guaranteed they had first-hand experience in
the technical aspects that relevant to this study. Applying these criteria led to the selection of 30 experts for the
quantitative survey and 4 experts for the qualitative survey [47]. The demographic details of the respondents are
illustrated in Table 2.

Table 2 Demography of respondents

. . . Experience (Years) Qualification
SN. Designation Participant
© 6-10 11-15 16-20 21-25 PhD M.E B.E
-é 1 Director Works and Services 02 1 1 1 1
= 2 Project Director 05 3 2 3 2
E 3 Deputy Director (P&D) 04 3 1 1 3
54 4 Project Manager 07 3 4 2 5
5 Assistant Engineer 06 4 2 3 3
6 HSE Engineer 06 1 5 6
Experience (Years) Qualification
é’ SN. Designation Participant
E 6-10 11-15 16-20 21-25 PhD M.E B.E
Tg 1 Director Works and Services 02 1 1 1 1
< 2 Project Director 02 2 2

3.2 Data Collection Tools

A data collection tool is a device, instrument, or methodology used to gather data in research studies. It enables
researchers to collect, record, and analyze data from participants, observations, or existing documents [48]. In
this study, two data collection tools were utilized; a structured questionnaire survey for quantitative data
collection and an unstructured interview guide for qualitative data collection. A questionnaire is a structured tool
used to collect self-reported data through a series of questions [48]. It is a widely used quantitative data collection
tool, particularly in surveys and studies involving large samples. However, an interview guide is a structured
document that outlines the topics, questions, and probes to be used during an in-depth interview [48]. It serves
as a roadmap for the interviewer, ensuring that all essential topics are covered and allowing for flexibility in
exploring new ideas.

3.3 Development of Quantitative Tools

To identify challenges in the integration of technology in construction site safety management, a two-step
approach was undertaken. First, a comprehensive literature review was conducted to identify challenges related
to technology integration in CSSM. Next, the identified challenges were validated by 4 experts., comprising 3 field
experts and 1 language expert. The field experts validated the questionnaire's content, while the language experts
looked for clarity of expression. The experts were also asked to suggest any additional challenges not found in the
literature or identify any overlooked challenges. However, all experts unanimously agreed that the identified
challenges covered all aspects of the current state of the industry, and no changes were made at this stage. This
two-step approach led to the identification of a total of 21 challenges, which were incorporated into a
questionnaire design.

The questionnaire consisted of two sections: Section A gathered demographic information about the
respondents, while Section B focused on identifying key challenges impeding the adoption of technology of CSSM
in Pakistan's construction industry. Respondents were asked to mark their responses on a 5-point Likert scale,
ranging from strongly agree (5) to strongly disagree (1). To assess the internal consistency of the data, a reliability
test was conducted using a sample of 30 respondents. According to Adeyemi (2024), a reliability test measures
the coherence and dependability of collected data. In this study, Cronbach's alpha was used to assess the reliability
of the questionnaire, as it is the most widely used indicator for internal consistency [49]. Cronbach's alpha values
range from 0 to 1.00, with values near 1.00 indicating good consistency. Values greater than 0.7 are considered
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acceptable, while values lower than 0.3 are not [49]. The Cronbach's alpha coefficient for this study was 0.83,
which falls within the acceptable range, suggesting that the data collected using the tool was reliable.

3.4 Development of Quantitative Tools

For the qualitative component of this study, an interview guide was developed as the primary data collection tool.
The development of the interview guide followed the guidelines suggested by Rose and Johnson, (2020). These
guidelines emphasized the importance of clearly identifying key questions to be addressed through the interview,
based on the research objectives. To develop the interview guide, a framework was established, comprising an
introduction, background questions, open-ended questions, and follow-up questions. This framework was
designed to facilitate in-depth exploration of the research topic and gather detailed information from participants.

Prior to finalizing the interview guide, a pilot test was conducted with a small group of participants to ensure
that the questions were clear, relevant, and effective [50]. This pilot test provided valuable feedback, which was
used to refine the interview guide and ensure its contextual relevance. Following the completion of these steps, a
finalized interview guide was developed. This guide was refined, contextually relevant, and had the potential to
provide possible strategies for addressing challenges related to technology integration in Construction Site Safety
Management (CSSM)

3.5 Data Collection

The questionnaire for collection of data was based on the literature review in accordance with the objectives of
the study. The survey was carried out by mail, email and in person meetings with the qualified experts. The
questionnaire-based survey was used to elicit the perception of construction and safety professionals towards
challenges in the integration of technology for CSSM.

Qualitative data was collected through semi-structured interviews conducted, each interview session lasted
approximately 20 minutes and was audio-recorded with the participants' consent. Interviews were guided by a
set of open-ended questions designed to explore participants' experiences and perceptions related to strategies
to overcome challenges in integrating technology for construction site safety management in the Pakistani
Construction industry.

3.6 Data Analysis

The data analysis of a Sequential explanatory-based study is particularly valuable when dealing with complex,
multifaceted datasets that require a deeper understanding [48]. It allows researchers to go beyond the numbers
and uncover the underlying stories and reasons behind the data, ultimately leading to more informed decision-
making and actionable insights. As the study involved a quantitative and qualitative approach therefore different
methods were used for the analysis of quantitative and qualitative data.

Quantitative: For the analysis of quantitative data, the data was analyzed in SPSS to identify the mean and
standard deviation of each challenge in integrating technology. Out of 21 challenges, three were selected as the
key challenges in integrating technology into site safety management in Pakistan’s construction industry. The key
challenges were selected based on having a mean value between 4 and 5, and as per the mean range criteria by
Hassan et al,, (2020) and Sohu et al., (2018) factors having a mean of 4 to 5 are considered significant.

Qualitative: Content analysis was chosen as the method for data analysis due to its flexibility and suitability
for identifying key contents within qualitative data. All interview recordings were transcribed. The coding process
was conducted manually. Two researchers independently coded the transcripts, allowing strategies to emerge
directly from the data. After initial coding of a subset of transcripts, the researchers met to discuss and refine the
strategies. This iterative process continued until saturation was reached and no new strategies from the experts
were identified.

4. Finding and Analysis

The initial part of this section presents descriptive statistics results, providing a comprehensive overview of
respondents' perceptions on the prevalence of various challenges related to integrating technology for CSSM. The
subsequent part presents expert opinions from semi-structured interviews, outlining strategies to address these
challenges and enhance technology integration in the construction industry. The Table 3 summarizes the mean
values for each challenge identified from the literature.
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Table 3 Results of quantitative survey

Rank Challenge Mean S_t d'_
Deviation
01 Costly Setup 4.4667 .50742
02 Financial Constraints  4.2000 .66436
03 R&D Gaps 41333 .62881
04 Power Interruptions 3.9000 .60743
05 Skilled Shortage 3.8000 40684
06 Regulation Gaps 3.7000 .59596

07  Traditional Resistance 3.6667 71116
08 Financing Options 3.6333 .66868
09 Remote Connectivity  3.6000 .62146

10 BIM Adoption 3.5333 .62881
11 Al Ethics 3.4000 49827
12 Tech Reliance 3.3667 .66868
13 Tech Compatibility 3.2667 .69149
14 Backup Plans 3.2333 .62606
15 Local Support 3.2333 .67891
16 Compliance Hurdles 3.1000 40258
17 Cloud Security 3.1000 .30513
18 Supply Chain 2.8667 .68145

19 Contractor Incentives  2.7333 44978
20 Harsh Environments 2.6667 .95893
21 Retrofitting Difficulty  2.6333 .66868

It is evident from the descriptive statistics that "Costly Setup” is perceived as one of the most dominant
challenges (Mean = 4.4667), followed closely by "Financial Constraints" (Mean = 4.2000) and "R&D Gaps" (Mean
= 4.1333). These statistics provide a preliminary understanding of the challenges that appear in integrating
technology for CSSM as perceived by the professionals of the construction industry. It is important to note that
mean values ranging from 4 to 5 are considered as dominant challenges following the criteria suggested by [51]
within the context of this study.

These dominant challenges demand strategic planning and solutions to facilitate the successful integration of
technology in CSSM practices. The subsequent section explores deeper into the study and explores the strategies
to address these challenges effectively for the industry's progression towards technological integration for CSSM.

4.1 Challenge 1: Costly Setup

Experts suggested overcoming the challenge of a costly setup when integrating technology for CSSM in the
Pakistani construction industry requires a well-thought-out approach. Experts have provided a range of strategic
recommendations to address the challenge of the costly setup in integrating technology for CSSM. These
suggestions include conducting a cost-benefit analysis to demonstrate the long-term advantages of technology
adoption, seeking government incentives and grants, collaborating with industry associations and trade
organizations for financial support, opting for scalable and modular solutions for gradual implementation,
considering leasing or renting technology equipment, and developing a comprehensive, multi-year technology
adoption plan. Additionally, experts emphasize exploring partnerships with private entities interested in
enhancing construction safety. By strategically implementing these approaches, the construction industry in
Pakistan can effectively tackle the financial barriers associated with technology integration for improved safety
management on construction sites. Table 4 showed the excerpts regarding the strategies to overcome the
challenge of Costly Setup.
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Table 4 Excerpts regarding the strategies to overcome the challenge of costly setup

Suggested
Excerpt by

Cost-benefit analysis to justify the investment in technology This analysis can help Expert 1
in convincing stakeholders of the long-term benefits of the technology p
Apply for government incentives, grants, or subsidies available for adopting safety

. L Expert 2
technology in the construction industry.
Partner with construction industry associations and trade organizations that may

. o . Expert 2

have resources or funding opportunities for safety technology adoption.
Start with scalable and modular solutions that allow for gradual implementation. Expert 1
Consider leasing or renting the necessary safety technology equipment rather than Expert 1

purchasing it outright.

Develop a long-term technology adoption plan that spans several years. This
allows for better budgeting and ensures that technology integration is sustainable ~ Expert 2
and aligns with the organization's financial capabilities.

Explore partnerships with private companies or organizations that have an Expert 1 and
interest in improving safety in the construction industry. 2

By strategically planning and considering these approaches, you can work towards
overcoming the challenge of a costly setup when integrating technology for Expert 1
construction site safety management in the Pakistani construction industry.

4.2 Challenge 2: Financial Constraints

The experts have put forth several strategies to address the challenge of financial constraints when integrating
technology for CSSM. First, they suggest educating stakeholders about the long-term benefits of improved safety,
emphasizing reduced accident-related costs, diminished legal liabilities, and improved project timelines. This
approach aims to shift the perception of safety from an expense to a valuable investment. Additionally, experts
propose that governments play a crucial role by creating comprehensive safety plans outlining necessary
technologies and expected return on investment (ROI). Exploring financing options like loans, leases, or
partnerships with technology providers is another avenue recommended by experts. To mitigate initial costs,
experts advocate starting with pilot projects or limited technology implementations to demonstrate effectiveness.
Lastly, they stress the importance of continuously improving safety measures and technologies, underscoring the
dynamic nature of CSSM. Remember that safety is not just a legal requirement but also a moral obligation. By
demonstrating a commitment to safety, you may also enhance your company's reputation, which can attract more
clients and opportunities for growth in the long run. Table 5 presented the excerpts regarding the strategies to
overcome the challenge of Financial Constraint.

Table 5 Excerpts regarding the strategies to overcome the challenge of financial constraints

Excerpt Suggested by
Educate stakeholders about the long-term benefits of improved safety, including
reduced accident-related costs, legal liabilities, and improved project timelines. Expert 2
Convince them that safety is an investment, not just an expense. Expert 1

Government should create a comprehensive safety plan that outlines the specific
technologies needed and the expected return on investment (ROI). Expert 1and 3

Investigate financing options such as loans, leases, or partnerships with technology
providers.

Begin with a pilot project or a limited implementation of safety technology to show
its effectiveness.

Emphasize the continuous improvement of safety measures and technologies. Expert 4 and 2

Expert 1 and 3

Expert 1 and 4

4.3 Challenge 3: Research and Development Gaps

In addressing the challenge of research and development gaps in integrating technology for CSSM within the
Pakistani construction industry, a comprehensive approach is essential. The experts have proposed several
strategies to tackle this issue. First, fostering collaboration among construction companies, government bodies,
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and academic institutions is crucial to bridging these gaps. The establishment of research centers and consortiums
dedicated to construction safety technology can facilitate this collaboration. Allocating resources and funding
specifically for research and development initiatives in safety technology is another key step, with support from
both the private sector and government grants. Encouraging a culture of research and innovation within
construction companies by incentivizing employees to engage in safety technology research is vital. Furthermore,
technology incubators and accelerators focused on construction safety technology can also nurture innovation.
To educate professionals and workers, training programs and workshops should be developed. Lastly, showcasing
successful safety technology implementations through case studies and live demonstrations can inspire
confidence and adoption in the industry. These strategies, when implemented collectively, can significantly
contribute to overcoming research and development gaps and promoting the effective integration of technology
for CSSM in Pakistan as shown in Table 6.

Table 6 Excerpts regarding the strategies to overcome challenges of research and development gaps

Excerpt Suggested
by

Foster collaboration between construction companies, government bodies, and

o . Expert 1
academic institutions to bridge the research and development gaps.
Establishing research centers or consortiums focused on construction safety Expert 1
technology. p
Allocate resources and funding for research and development initiatives specifically Expert 2
geared towards construction safety technology p
Encourage private sector investment & government grants to support innovation in Expert 1 and
this area. 2

Encourage a culture of research and innovation within construction companies by

providing incentives for employees to engage in research projects related to safety Expert1and

technology. 2

Establish technology incubators and accelerators focused on construction safety Expert 1 and
technology. 2

Develop training programs and workshops that educate construction professionals,

engineers, and workers about the importance and implementation of safety Expert 2
technologies.

Showcase successful implementations of safety technology in construction projects Expert 1 and
through case studies and live demonstrations. 2

5. Discussion

The insights garnered from the questionnaire survey and the interviews with experts shed light on several
challenges within the Pakistani construction industry, including costly setup, financial constraints, and research
and development gaps when integrating technology for CSSM. When analyzed in the context of the existing
literature, these challenges appear to be universal, faced not only in Pakistan but also globally [1], [29], [52].

Costly setup, as illuminated by expert interviews, is a significant hurdle in adopting technology for
construction site safety. This challenge is not unique to Pakistan, as it resonates with research from other regions
[53]. To address this issue, experts' recommendations align with the existing literature, emphasizing the need for
a well-planned and strategic approach, for example critical path method (CPM) [54]. This includes conducting
cost-benefit analyses, seeking government incentives, and collaborating with industry associations and trade
organizations for financial support. The notion of scalable and modular solutions, e.g., industrialized building
systems and partnerships with private entities, also mirrors the idea of phased technology integration and public-
private collaboration found in the literature [17]. Together, these expert suggestions offer a comprehensive and
research-backed strategy to tackle the financial challenges associated with technology adoption for construction
safety not only in Pakistan but also beyond.

The interviews also shed light on the challenge of financial constraints in adopting safety technology, with
recommendations that echo findings from the existing literature. Strategies include educating stakeholders about
the long-term benefits of safety investments and exploring financing options like loans, leases, or partnerships
with technology providers [55]. Starting with pilot projects and emphasizing continuous improvement in safety
measures aligns with a phased approach to technology adoption and the dynamic nature of construction site safety
(e.g. building information modelling) discussed in the literature. Additionally, the ethical dimension of safety, as
emphasized by the experts, finds support in the literature, highlighting how a commitment to safety can enhance
a company's reputation and create growth opportunities [56]. The multifaceted benefits of investing in technology
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for CSSM are well-documented, and the experts' strategies offer a comprehensive roadmap to overcome financial
constraints.

Finally, expert interviews revealed research and development gaps in integrating safety technology into the
construction industry. These gaps have the potential to jeopardize worker safety and hinder industry progress, as
highlighted in the literature [56], [57]. To bridge these gaps effectively, collaborative efforts among construction
companies, government bodies, and academic institutions are essential, as previously suggested in research. The
establishment of research centres and consortiums, supported by private and government funding, fosters
collaboration and knowledge exchange [58]. Encouraging a culture of research and innovation within construction
companies, as emphasized by experts, aligns with literature underscoring the importance of an innovative
mindset.

In addition, technology incubators, training programs, and case studies, as recommended by experts,
correspond with the literature's emphasis on nurturing innovation, equipping the industry with knowledge and
skills, and showcasing successful implementations. This holistic approach not only addresses the specific
challenges discussed in the interviews but also underscores the interconnectedness of these challenges and the
need for multifaceted solutions.

6. Conclusion and Recommendation for Future Studies

In conclusion, this research study has successfully achieved its primary objectives of identifying key challenges in
the integration of technology for CSSM within the construction industry of Sindh, Pakistan, and addressed
strategies for overcoming these challenges. The findings from the comprehensive literature review and the
content analysis of expert interviews have shed light on the pressing issues facing the integration of technology in
CSSM. The findings of the study revealed that the most critical challenge in integrating safety technology in the
construction industry was the costly setup, with the highest mean score, followed by financial constraints and
research and development (R&D) gaps. Quantitative results confirmed these as key barriers, while qualitative
insights provided practical strategies to overcome them. Experts emphasized conducting cost-benefit analyses,
leveraging government incentives, and adopting scalable solutions to address setup costs. To mitigate financial
constraints, stakeholders should be educated on safety's long-term value, and alternative financing mechanisms
should be explored. Bridging R&D gaps requires fostering industry-academia collaboration, investing in
innovation, and building a culture that supports safety-related research.

It is evident that the construction industry in Sindh, Pakistan, can benefit greatly from adopting a proactive
approach to overcome these challenges. By implementing the strategies recommended in this research,
stakeholders in the industry can pave the way for more efficient, safer, and technologically advanced CSSM
practices. The CSSM can potentially reduce on-site accidents through the use of real-time monitoring tools, safety
sensors, and digital training platforms [59]. It can enhance safety compliance, owing to automated reporting,
checklists, and mobile safety applications [60, 61]. This study contributes to the growing body of knowledge on
CSSM and provides a valuable resource for decision-makers, industry professionals, and researchers seeking to
enhance construction safety in the region. The findings underscore the importance of staying adaptable and
innovative in the ever-evolving landscape of construction technology and safety management.

The implementation of the recommendations in real-world situations might be the subject of further studies
in the area of CSSM. Research may focus on case studies and real-world applications to assess the effectiveness
and challenges associated with partnerships, financial investments, modular solutions, strategic planning, and
stakeholder education in the specific context of the construction industry in Sindh, Pakistan. Additionally,
investigations into emerging technologies and their integration into CSSM, such as the use of drones, Al, or IoT
devices, could provide valuable insights into further improving safety practices. Furthermore, comparative
studies between different regions or countries could shed light on the transferability of these strategies to diverse
construction environments, enabling a broader and more comprehensive understanding of CSSM enhancement.
Integrating technology for Construction Site Safety Management (CSSM) in Pakistan presents numerous
advantages, but also comes with challenges that need to be addressed
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